Sodium 2,3-dimercapto-1-propane sulfonate (DMPS, Dimaval) is a water-soluble chelating agent that can be given by mouth or systemically and has been used to treat metal intoxication since the 1960s in the former Soviet Union and since 1978 in Germany. To better approximate the body burdens of Hg and As in humans, DMPS-Hg and DMPS-As challenge tests have been developed. The tests involve collecting an overnight urine, administering 300 mg DMPS at zero time, collecting the urine from 0 to 6 hr, and determining the urinary Hg before and after DMPS is given. The challenge test, when applied to normal college student volunteers with and without amalgam restorations in their mouths, indicated that two-thirds of the Hg excreted in the urine after DMPS administration originated in their dental amalgams. In addition, there was a positive linear correlation between the amalgam score (a measure of amalgam surface) and urinary Hg after the challenge test. When the DMPS-Hg challenge test was used to study dental personnel occupationally exposed to Hg, the urinary excretion of Hg was 88, 49, and 35 times greater after DMPS administration than before administration in 10 dental technicians, 5 dentists, and 13 nondental personnel, respectively. DMPS also was used to measure the body burden of humans with a history of drinking water containing 600 pg As/liter. DMPS administration resulted in a tripling of the monomethylarsonic acid percentage and a halving of the dimethylarsinic acid percentage as related to total urinary As. Because South American animals studied were deficient in arsenite methytransferase, a hypothesis is presented that arsenite and arsenite methyltransferase may have had a role in the evolution of some South American animals.
Concerns have increased about neurotoxicants such as methylmercury in fish (1), elemental Hg vapor emitted by dental amalgams (2) (3) (4) (5) , lead in paint (6) , and inorganic arsenic (inorgAs) in the drinking water of the United States (7), Chile (8) (9) (10) , Mexico (11) , Argentina (12) , India (13, 14) , China (15) , and Taiwan (16) . Because continued efforts to maintain clean living and working environments are necessary, the use of antidotes and prophylactics (Table 1) for these toxic heavy metals and metalloids are sometimes minimized because of the fear that their use might decrease efforts to maintain and ensure a healthy environment.
Our laboratory had a role in the development of two of the relatively new chelating agents, DMPS [sodium 2,3-dimercapto-1-propane sulfonate (Dimaval); Heyl, Berlin, Germany] and DMSA (meso-2,3-dimercaptosuccinic acid, succimer). We developed analytical procedures for their study (18, 19) , investigated their metabolism (20) (21) (22) (23) (24) (25) , and honed their therapeutic uses (3, 9, 26, 27) . The purpose of this paper is to review our studies of the use of DMPS as a challenge or provocative test for Hg (3, 26, 27) and As in humans (9) . A number of reviews dealing with DMPS and DMSA are available (17, (28) (29) (30) (31) (32) .
Although BAL (British Anti-Lewisite, dimercaprol, 2,3-dimercapto-1-propanol)
has been the drug of choice for the treatment of As, lead, and even Hg intoxication in the United States since the late 1940s, it has many disadvantages (33) .
Approximately 55% of the patients receiving BAL have some kind of unpleasant side effect (33) . This and the fear of the As-containing chemical warfare agent Lewisite resulted in the development of two water-soluble, orally useful chemical analogs of the lipid-soluble BAL. DMPS was developed in the 1950s in the former Soviet Union by Petrunkin (34) and became an official drug in the Soviet physician's armamentarium in 1958 (35) . Because it had potential use as an antidote for the chemical warfare agent Lewisite, it was not available outside of the Soviet Union until 1978, at which time Heyl, a small pharmaceutical company in Berlin, Germany, specializing in antidotes, announced its synthesis and distribution. Since then, it has been widely used as a chelating agent for both diagnostic and treatment purposes, especially in Germany, where for many years a physician's prescription was not required for its purchase (36) . Its major use has been for mobilizing inorganic Hg in the body [reviewed by Kemper et al. (17) , Aaseth et al. (28) , Aposhian et al. (29) , and Aposhian (30) ] It has been used largely because of the increasing concerns about elemental Hg emission from dental amalgams in vivo (2) (3) (4) (5) and about dental personnel exposed occupationally to Hg (26, 37) . DMPS (25) . Second, it acts more quickly than DMSA, probably because its distribution is both extracellular and intracellular (38, 39) . DMSA, however, appears to be only extracellular in its distribution (39 (3, 26, 27) . Other investigators have used the injectable preparations (Dimaval) for challenge tests (40, 41) . However, we used the parenteral preparation for our intravenous pharmacokinetic studies (25 Figure 1 ; Table  2 ). Our first conclusion from these experiments (2) was that DMPS can be used to increase the urinary excretion of Hg, a confirmation of many studies by others (43, 44) . Our second conclusion was that two-thirds of the Hg excreted in the urine of subjects with dental amalgams appeared to be derived from the Hg vapor released from their amalgams (Figure 1 ). Linear regression analysis indicated a highly significant positive correlation between the Hg excreted in the urine 2 hr after DMPS administration and the dental amalgam scores (Figure 2 Amalgam score Figure 2 . Amalgam score versus urinary Hg excretion after DMPS administration. The Hg excretion after DMPS administration has been corrected by subtracting the Hg excretion found for the same length of time prior to administering DMPS. This was done by collecting the urine for 11 hr before DMPS administration and determining the mercury content per 11 hr, then calculating the mercury excretion per hour. R, coefficient of correlation.
squeezes out the excess Hg. Because of our findings (26) as to the amount of Hg excreted by the dental technicians after DMPS was given (Figure 3 ), the clinic has begun to use amalgam capsules. In these capsules, the Hg and alloy powder are separated by a partition, which is broken by shaking the capsule vigorously. Thus, the amalgam is formulated with less Hg exposure to dental personnel.
The DMPS challenge test (300 mg by mouth after an 1 1-hr fast; Table 3 ) was given in Monterrey, Mexico, to 10 dental technicians (all females), 5 dentists (4 males and 1 female), and 13 nondental personnel (8 males and 5 females) to ascertain their occupational exposure to Hg used in the preparation of amalgams (26) . Urines were collected and analyzed for total Hg. Mean Hg urinarf-excretion 6 hr before and 6 hr after DMPS administration for the dental technicians (who formulate amalgam) was This may be due to economic and dietary differences because this group consisted of laborers and the previous group consisted of research laboratory and medical personnel.) The increase in urinary Hg excretion before and after DMPS administration was considerable ( Figure 3 ). The urinary coproporphyrin levels before DMPS administration, indicative of renal Hg content, were quantitatively associated with the urinary Hg levels among the three study groups after DMPS administration (26). This was not so when the urinary Hg before DMPS administration was compared to urinary coproporphyrin. Thus it appears that the urinary Hg level after DMPS administration is a better indicator of exposure and renal Hg burden than the Hg measured in the urine before DMPS is given. Regression analysis showed that the coefficient of urinary Hg was statistically and adversely associated with complex attention (switching task), the perceptual motor task (symbol-digit substitution), symptoms, and mood. The easily performed DMPS-Hg challenge test is useful for monitoring humans for Hg vapor exposure (26 
DMPS-Arsenic Challenge Test
In May 1995 we were given the opportunity to study how the DMPS challenge test might alter the urinary As in humans chronically exposed to As in their drinking water. San Pedro de Atacama in Chile was our study town. It is a relatively isolated town in the Atacama Desert in northeast Chile (Figure 4 (Table 3) only by the urine collection schedule. 
Amount ofArsenic Species in Urine
The amount of As species in urine is often considered an indication of chronic As exposure. The species are the result of the biotransformation of inorgAs ( Figure 5 ). Although the concentrations of the various As species in the urine after the DMPS challenge were determined (9) .6 lime, hr Figure 6 . Total arsenic excreted in the urine before and after administration of 300 mg DMPS by mouth. DMPS was given at zero time. Although urine was collected overnight (-11 to 0 hr) and for 6-24 hr, the total amount of arsenic excreted for these times was divided by 5.5 and 9 to make the data comparable to the 2-hr urine collection periods of 0-2, 2-4, and 4-6 hr. Error bars± SE.
amounts of these species were of greater interest because they are a better indicator of the body burden of As. As compared to the period before DMPS administration, the mean total As (TotAs) in the urine of the San Pedro de Atacama subjects increased approximately 4-fold during the 2-hour period after DMPS (Figure 6 ). When the San Pedro de Atacama and Toconao subjects were compared, there was a striking difference noted between the mean amount of TotAs excreted in the urine during all time periods (Figure 6 ). This was not surprising because residents of the two villages drink water containing vastly different As concentrations (9) .
It was surprising that there was a marked increase in the amount of urinary monomethylarsonic acid (MMA) being excreted in the urine of both the San Pedro and Toconao groups after DMPS was given ( Figure 7) . There was approximately a 9-fold increase in urinary MMA during the 2-hr period after DMPS administration as compared to the previous 2 hr. For the same time periods, urinary inorgAs was increased about 5-fold and dimethylarsinic acid (DMA) less than 2-fold. From 2 to 6 hr after DMPS, the amount of inorgAs, MMA, and DMA did not change to any great extent. For the Toconao subjects, although the absolute amounts of As species per 2-hr period were much less, the fold increases relative to the preceding time period were similar. 
Percent ofArsenic Species in the Urine
The percentage that a urinary A of the total urinary As has beer criterion of the normal biotrans or metabolism of As in a given s in a given individual (45 (Figure 8 ). The percent inorgAs in the urine trinewasucol-increased after DMPS administration 14hr, the total (Figure 8 ). By the end of 6 hr it had as divided by decreased to 28 Figure  10 ). It is the major intracellular thiol of T brucei and other trypanosomes (57) . In fact, it makes up more than 68% of the intracellular thiol of these organisms (58) . Melarsen oxide forms an adduct with reduced trypanothione (Figure 10 reductase, an enzyme unique and essential to trypanosomatids and leishmania, resulting in a decrease of intracellular reduced trypanothione. Fourth, Chagas' disease, caused by Trypanosoma cruzi, is endemic in South America. Fifth, up to now, the exception to our hypothesis about only New World animals being deficient or lacking arsenite and MMA methyltransferases is the chimpanzee, which appears to have evolved in the Old World. The chimpanzee's natural home, however, is the northwestern and central area ofAfrica-an area that once was bound to or had island bridges to South America. In this area of Africa, T brucei gambiense is endemic. It is not unreasonable, then, to consider that at one time the environment of the marmoset, guinea pig, and chimpanzee may have had something in common. Seventh, the pigeon, rat, hamster, rhesus monkey, and mouse have arsenite methyltransferase activity and are considered Old World as far as their evolution is concerned.
Buchet's group (59, 60) and Thomas' group (61,62) also studied the methyltransferases of As metabolism in rat liver homogenates. We have now purified the rabbit arsenite methyltransferase 4200-fold and it is being analyzed for its amino acid sequences. Once the sequences are known, nucleotide probes can be synthesized that may be useful in determining the occurrence of these enzyme activities in lymphocytes and other human material readily available for biomarker studies, especially in humans exposed to inorganic As in the water they drink, the food they eat, and/or the air they breathe.
Discussion
The DMPS-Mercury Challenge Test
One might wonder why we think there is a need for such a challenge test. Let us for a moment consider the recent history of lead. In 1970, the Centers for Disease Control (CDC) considered a lead level of 40 pg/dl blood to be of medical concern (6) . In sharp steps (Figure 11 ), this has been reduced to 10 pg/dl over a 17-year period. There are many toxicologists, however, who believe that there is no safe level of lead. DMPS-Hg challenge test may help obtain specific information so that the calamity caused by lead among many young children in the United States will not be repeated with Hg. At possible risk from Hg are young children, women who obtain dental care while pregnant, and their potentially exposed fetuses. Whether the amount of Hg emitted from dental amalgams can cause harmful human health effects is at present uncertain; the safety of dental amalgams has not been proven. One has only to look at Figure 11 , showing how the blood lead concentrations of concern have changed over the last 20 years, to realize that such changes might also happen to urinary Hg levels of concern. Investigators studying toxicology and human health must determine whether dental amalgam Hg is harmful or not.
Since our DMPS studies of users and makers of a mercurous chloride-containing skin-lightening lotion (Table 3) were completed, a miniepidemic involving Hispanic women in the southwestern states of Texas, New Mexico, Arizona, and California has been declared by the CDC (63) . Even more surprising have been the elevated urinary Hg levels of some of their young children. According to the mothers' statements, the lotion was not applied to the children. Although resources were mobilized to remove this lotion from Hispanic stores in the United States, unfortunately no federal funds were made available for physicians to follow the health of these exposed women of childbearing age and who belong to an important minority group in our country.
Our studies with DMPS show clearly that urinary Hg after a DMPS challenge test is a better indication of the body burden of Hg in a human. If the body is compared to a coffee cup, the usual urinary Hg concentration may be compared to the overflow of that cup. Using DMPS would be comparable to tipping the cup so that the fluid pouring out would be more indicative of what previously remained in the cup (body). Clinicians and research investigators often consider urine differently. Many physicians consider heavy metal concentrations in the urine an excellent diagnostic tool. Researchers, however, want to know about what was left behind in the body, thus doing the damage. This is why the DMPS challenge information is of value. It uses the urine after a DMPS challenge to tell us more about what previously remained in the body.
DMPS and Arsenic
The results with DMPS and As are of great interest because the unique increase in urinary excretion of MMA after DMPS administration is very important. The chemical structure of the DMPS-As chelate being excreted is not known. The form of As necessary for chelation must be As"',. Could it be that the chelate is the elusive MMA species containing AsIII, or is it arsenite? We do not know the answer to this question as yet but we are investigating. Other thoughts about the possible mechanisms and significance of this increase in the urinary MMA percent can be found in Aposhian et al. (9) .
Finally, we wish to emphasize that these arsenite methyltransferase enzymes have species diversity as well as species polymorphism, and thus have potential as important biomarkers for As exposure. In addition, the lack of the arsenite-methylating enzymes in marmoset, tamarin, and squirrel monkeys, guinea pig, and chimpanzee may be related to evolutionary selection necessary for survival in a hostile environment containing death-causing parasites of some kind. The animals that could methylate inorganic As species did not survive. Those that could not methylate did survive. This is our working hypothesis that is now under investigation.
